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DURING  HOT  PRESSING 
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The  substantiated  selection  of  aatecial  fcr  the  manufacture  of 
natcix/dies  can  be  made  only  in  the  presence  of  the  data  on  specific 
loads  and  the  thermal  fields,  vbich  develop  in  latrix/die  in  the 
process  of  its  operation.  The  temperature  conditions  of  the  work  of 
matriv<li-es  in  interrelation  with  the  technological  parameters  of 
process  during  pressure  forging  steels  are  examined  in  this  article 
based  on  materials  of  the  investigations,  carried  out  in  this 


; tte  invest: 


direction  in  the  CRIFNaIs.  Eardeen  i 


PCCTNOTE  ».  In  work  took  part  V.  I.  Pol'dyaev.  ENDFOOTNOTE 


The  teaperature  conditions  of  the  nock  of  latcix/die  were 
studied  during  pressure  forging  steels  in  horixcntal  hydraulic  press 
tj  effort/force  1500  ton-fcrce.  For  the  aeasoreient  of  teaperature 
Mas  applied  the  cut  construction  of  aatrix/die  vith  groove/slots  for 
theraocooples  (Fig.  1)»  which  were  placed  in  feur  points:  in  the 

beginning  and  niddle  of  cone  1 and  2,  in  the  place  of  the  transition 
cf  cene  to  calibrating  section  3 and  in  the  body  of  aatrix/die  4 [ 1 ]. 
Therao junctions  were  welded  at  points  1,  2 and  3 on  the  surface  of 
■atrif/die  and  at  depth  1.5  aa  fron  surface.  Readings  of 
ther apcouples  were  record/written  by  oscillcgraph  H = 700. 
Sinultaneously  with  teoperature  was  ceccrd/«r itte n the  effort/force 
cf  pressure  forging.  Blanks  of  steels  06  and  KhlSNiO  were  heated  to 
1180-1200®C  in  resistance  furnace  with  protective  atmosphere,  pressed 
froa  containers  80  and  120  nm  in  diameter  with  a coefficient  of 
drawing  of  4;  7.1  and  16. 

Technological  lubricant  (glass)  applied  tc  the  lateral  surface 
cf  the  heated  blank  by  knurl.  To  aatrix/die  was  packed  the  glass 
plate  fron  glass  or  slag  [2].  Pressure  forging  was 

realize/accomplished  without  butt,  which  was  reached  as  a result  of 
applying  "false®  disks  fron  graphite. 
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The  degree  of  the  heating  of  ■atrix/^ic  nas  studied  depending  on  | 

tfce  dactility/toughness/viscosity  of  the  used  glass  lubricant, 
coefficient  of  drawing,  velocity  of  the  pressure  forging  and  other 
parantters.  The  picture  of  the  heating  cf  latrii/die  during  pressure 
ferging  the  stainless  steel  with  the  application/use  of  a glass 
lubricant  is  given  in  Fig.  2.  Fron  diagraa  it  fellows  that  before 
pressure  forging  in  aatrix/die  is  a nonuniforn  by  volune  therual 
field*  which  is  establish/installed  after  the  contact  of  cold  girder 
with  %he  heated  to  JSO^’C  cortainer.  The  uaxiuuu  heating  (-280<’C)  in 
this  case  falls  on  the  zone  of  uatrix/die,  which  directly  contacts 
with  container  (point  1),  and  liniiui  (150®C)  - to  the  interior  of 
■atrii/<liA  (point  4).  < 


in  the  process  of  pressure  forging  the  aatrix/die  affects  beat 
flux  Cron  the  blank  being  deforaed.  This  effect  is 

realiie/accoaplished  through  the  lubricating  disk  whose  thickness  is 
decreased  frea  one  point  1 to  next  3.  Because  cf  this  the  surface  of 
the  working  cone  of  the  aatrix/die  is  heated  unevenly.  A greatest 
increase  in  the  teaperature  (AT)  occurs  in  the  place  of  the 
tsansition  of  conical  section  to  that  which  calibrate  (point  3) , 
where  lubricant  fila  is  ainiaua.  In  surface  layer  an  increase  in  the 
teapecature  in  this  zone  coaposes  T3  300°C,  at  depth  1.5  an  T,  ^ 


L 
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200"C^  By  points  1 and  2 value  of  AT  does  not  exceed  20-30®C.  Thus, 
■ost  heated  in  aattix/die  is  the  zone  of  point  3,  where  the 

teipecature  of  surface  layer  reaches  500°C.  At  depth  1.5  an  the 

teapezature  of  layer  aaounts  on  the  average  to  400<*C.  Under  specific 

conditions  the  teaperature  of  natrix/die  on  the  surface  of  zone  3,  as 
this  will  be  shown  below,  can  exceed  650**C,  i.e.,  exceed  the 
teaperature  of  the  teapering  of  tool  steel  3Kh2V8,  froa  which  are 
prepared  the  aatrix/dies. 


F.  j I 


lig. 


1.  split  die  with  groove/slots  for  theraocouples. 
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Pig.  2.  The  heating  of  natcix/die  during  the  pressure  forging:^  ^ is 
teipexatuce  of  eatrix/die  to  pressure  forging  (AT)  - the  value  of  the 
heating  of  eatrix/die  during  pressure  forging  (coefficient  of  drawing 
7.1,  the  velocity  of  pressure  forging  = 15C  ee/s)  . 

Page  11. 

By  this  is  explained  the  intense  wear  of  eatrix/die  in  the  place  of 
the  transition  of  conical  part  to  the  calibrating  eesh. 

d change  in  the  teeperature  cf  latrii/die  in  zones  1 and  2 
daring  pressure  forging  is  insignificant,  at  further  experieents 
eeasuceaents  teeperature  at  depth  1.5  ■■  were  net  conducted. 

Xn  order  to  explain  the  degree  of  the  protection  of  eatrix/die 
free  heating  because  of  the  application/use  of  a glass  lubricant, 
which  has,  as  is  known,  lew  thereal  conductivity,  were  placed  the 
experieents,  in  which  the  teeperature  cf  the  heating  of  eatrix/die 
was  eeasured  under  the  following  conditions:  during  pressure  forging 
with  lubricating  disk  and  without  the  liibcicaticn  of  the  lateral 
surface;  during  pressure  forging  without  lubricating  disk,  but  with 
the  lubrication  of  the  lateral  surface  by  glass;  during  pressure 
forging  without  lubrication. 
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figure  3a-d  gives  the  typical  oscillogcaas  for  all  four  versions 
cf  svabbing*  obtained  during  pressure  forging  with  the  coefficient  c£ 
dsaviog  7*1  and  of  velocity  Vapae  ~ 200  ai/s.  Fnll/total/coaplete 
aoldiag  cycle,  froa  the  beginning  of  the  decoapcession  of  blank  in 
container  and  before  its  f ull/total/covplete  estrusion  of  aatrii/die, 
in  these  oscillograas  can  be  deterained  by  effcrt/force  curve  cf 
pressure  forging  P.  This  cycle  duration  of  appccxiaately  2 s, 
whereupon  aore  the  half  of  this  tiae  falls  on  decoapression.  The 
saallest  heating  aatrix/die  is  subjected  tc  with  the  lubrication  of 
the  lateral  surface  knuil  and  the  applicaticn/use  of  a lubricating 
disk,  and  also  when  using  only  one  disk  (Pig.  3a  and  b) . in  the  zone 
of  pointB(see  Fig.  2)  the  teaperature  cf  the  heating  of  aatrix/die  in 
koth  cases  is  practically  identical  and  it  ceaches  Tj  = 500®C.  The 
character  and  the  value  of  the  beating  of  aatrix/die  in  the  zones  of 
points  1 and  2 are  also  identical.  Sharply  is  changed  the  picture  of 
the  h#ating  of  the  aatrix/die,  when  is  applied  the  only  one 
lubrication  of  the  lateral  surface  of  blank  (Fig.  3c) . The 
teapesature  of  aatrix/die  in  the  zoue  cf  point  3 (see  Fig.  2) 
grow/cises  tc  Tj  » 900^C.  Intense  heating  is  observed  in  the  zones  of 
points  1 and  2,  where  the  tenperatures  grow/risc  to  T|  = 680<*C  and  T^ 
= 650*C.  An  increase  in  the  tenperatures  in  these  zones,  as  can  be 
seen  Eroa  oscillograas,  it  begins  already  in  the  period  of  the 
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deccif ression  of  blanlc  in  container.  Siailar  pattern  is  observed 
during  pressure  forging  without  lubrication  (Pig.  3d) , but  the  level 
cf  heating  in  this  case  in  all  tones  is  soaeuhat  less.  This  is 
explained  by  the  fact  that  the  process  cf  pressure  forging  in  the 
last/latter  two  cases  proceeds  with  focaaticn  ct  the  aatrix/die  of 

f the  "stagnation"  zones,  on  which  occurs  the  section/shear  of  oetal. 

i 

I Curing  pressure  forging  without  lubrication  the  voluae  of  the 

"stagnation"  and  cooled  zone  is  considerably  acre;  therefore  the 
heating  of  aatrix/die  points  1,  2 and  3 soaewhat  less. 


Thus,  the  basic  protection  of  aatrix/die  from  the  effect  cf  the 
high  teaperature  of  the  blark  being  defcraed  is  reached  as  a result 
cf  applying  a lubricating  disk.  The  glass  lubricant,  plotted/applied 
to  the  lateral  surface  of  tlank,  does  net  fulfill  heat-insulating 
functions  [3].  As  a result,  the  process  of  shaping  aetal  is 
accoaplisbed  in  the  presence  of  the  corsiderable  contact  forces  of 
friction  in  aatrix/die,  which  lead  to  the  feraation  of  "stagnant" 
zene. 


{n  order  to  explain,  in  which  aeasure  the  physical  properties  of 
glasses  for  disks  affect  the  value  of  the  beatirg  of  aatrix/die,  were 
carried  cut  experiaents  with  glasses  of  different 

ductility/toughness/visccsity.  The  physical  characteristics  of  the 
tested  glasses  with  viscosity  values  with  1200<’C  are  given  in  Table  A 


! 
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of  natrix/di€  in  different  sections  frcB  the  Icgaritha  of  the 

ductivity/toughness/viscoslty  of  glass  plate. 

Prom  the  graph  it  follows  that  the  ductility  of  the  glass  plate 

does,  not  affect,  the.  , . ^ 

heating  ot  aatcix/die  in  zones  1,  2 and  4.  In  zone  3 function  Tg 


of  the  obtained 


dependence  graph  in  Fig.  4,  can  be  broken  into  three  fields.  In 


this  is  the  field  of  the  ductility/tcughness/niscosity  of  glasses 


froB  226  to  19,000  poise,  which  possess  the  Baxisum  heat-insulating 


properties.  This  sane  field  includes  the  blast-furnace  slag 
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Fig.  3.  The  oscillograms  of  the  process  of  |:res£ure  forging  for  the 
diverse  variants  of  swabbing:  a)  the  appl icat icn/use  of  a knurl  and 
lubricating  disk;  b)  the  applicaticn/use  cf  one  lubricating  disk;  c) 
the  application/use  of  cne  knurl;  d)  pressure  fcrging  without 
lubrication;  F is  an  effort/force  of  pressure  fcrging. 

Key:  (1).  Temperature  of  heating.  (2).  s.  (3).  kgf/mm*.  (4).  Specific 
effort/force  of  pressure  forging. 


Table  1.  Physical  properties  of  glass  lubricants. 


CTCKM 

— fto 

BffkocTk  ■ ns 

opH  1200  °C 

-fp 

TcnoBposoisacik 
B SSS/CH  ■ c ■ rpu 



'’Tbummocts 
• us/r  ■ rpsa 

271 

43 

0,0027 

0,1727 

209 

226 

0,0025 

0.1916 

287 

500 

0,0031 

0,1957 

10n6 

1200 

0,0025 

0,1997 

124 

6500 

0,0023 

0,1984 

19n6 

19000 

0,0025 

0,1980 

224-18 

200000 

0,0026 

0,2044 

Key:  (1).  No  glass.  (2).  Ductility/tougbness/viscosity  in  poise  with 
1200°C.  (3).  Thermal  conductivity  in  cal/ci«s*deg.  (4).  Heat  capacity 
in  cal/g«deg. 


Page  12. 


Hhen  using  these  forms  cf  lubrications  is  reached  the  minimum  heating 
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of  Batcix/dle.  An  increase  in  the  teipeiatuce  cf  Batcix/die  (Tj) 
daring  the  application/ose  of  disks  with  low 

ductility/toughness/viscosity  (43  pqise)  can  he  explained  by  the  fact 

that  the  glass  plate  with  such  properties  rapidly  aelts  to  large  | 

depths  and  glass  intensely  it  squeezed  cut  cf  the  deforaation  area. 

As  a result  can  be  observed  the  short- tiae  contact  of  the  aetal  being 
deforaed  with  aatrix/die  [4]. 

An  increase  in  the  teaperature  of  the  heating  of  aatrix/die  when 
using  glass  plates  with  ductility/toughness/ viscosity  200^000  poise  is 
caused  by  another  reaso.j.  In  this  case  the  glass  plate  does  not 

aanage  to  be  fused  at  the  necessary  depth,  as  a result  of  which  j 

1 

lubricant  fila  has  an  insufficient  thickness  and  a thermal 

conductivity  froa  aetal  to  aatrix/die  is  increased.  < 

I 

I 

I 

About  the  fact  that  the  thickness  cf  lubricant  fila  during 

i 

pressure  fcrging  depends  on  the  ductility/tcughness/viscosity  of  | 

glass  lubricant,  showed  the  data,  obtained  by  the  graviaetric  aethod,  j 

CO  the  expendit ure/consuaption  of  lubricating  disk.  The  averaged  | 

thickcess  of  film  when  using  glass  with  ductility/toughness/viscosity  | 

i 

50  poise  coaposed  ~17  p,  and  glass  with  ductility/toughness/viscosity  I 

200000  poise  p.  Experiaents  with  glasses  of  different  j 

dactility/tou «hness/viscosity  give  grounds  to  consider  that  the  basic  | 

factor,  which  deteraines  the  value  of  the  heating  of  aatrix/die,  is 
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the  thickness  of  the  lubricant  fila,  Hhich  depends,  in  turn,  frcn 
other  technological  paraneters  of  piccess,  nhich  it  is  discussed  in 
acrk  [5]. 

fable  2 gives  the  average  values  on  the  beating  of  natrix/dies 
depending  on  the  coefficient  of  drawing,  velocity  of  pressure  forging 
and  eethod  of  pressure  forging.  According  tc  the  findings 
established/installed  that  with  an  increase  in  the  degree  of  the 
deforeation  the  heating  of  latrix/die  it  the  xcie  of  point  3 (see 
Fig.  2)  it  is  increased.  For  exanple,  during  pressure  forging  with  a 
coefficiont  of  drawing  of  4 heating  coiposed  T3  -=  415<>C,  and  during 
strain  with  drawing  16  tenperature  was  increased  to  Tj  = 530<H:.  The 
character  of  a change  in  the  tenperature  of  aatrix/die  in  the  zones 
of  points  1 and  2 at  an  increase  in  the  drawing  virtually  is  not 
changed. 

tenperature  rise  and  the  heating  of  natrix/die  in  the  zone  of 
point  3 at  an  increase  in  the  drawing  can  be  explained  by  an  increase 
in  the  tenperature  of  netal  because  of  the  work  of  strain,  increase 
in  the  specific  load  and  certain  deceleration  cf  pressure  forging, 
hll  these  factors  one  way  or  another  affect  the  thickness  of 
lubricant  filn  and  its  therial  resistarce. 


A change  in  the  velocity  of  pressure  forging  differently 
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■anif«sts  itself  the  heating  of  aatcix/die  in  the  case  of  the 
utilisation  of  a lubricating  disk  froa  glass  and  disk  froa 
blast-furnace  slag.  At  the  rates  of  pressure  forging  = 220  na/s 

the  teapecature  of  the  heating  of  matrix/die  in  both  cases  differs 
little  froa  each  other  (T3  = 550®C  and  570®C)  , (see  Table  2)  . 
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fig.  A.  Dependence  of  the  teipecatuce  cf  the  heating  of  eatrix/die 
fcoe  ^he  viscosity  of  the  glasses,  used  for  lubricating  disks. 


Key:  |1).  Teeferature  of  the  heating  of  eatrix/die.  (2).  Viscosity  of 
glass  lubricant. 


lable  2.  Data  on  the  heating  of  natrix/dies  during  pressure  forging 
steels. 
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Ray:  |1).  Paraaeters  of  pressure  forging.  (2).  Lubrication.  (3).  The 
taapecatnre  of  aatrix/die  tc  pressure  forging  in  the  zones  cf  pcints 
1#  2 and  3 (see  Pig.  2).  (h).  Tine  of  pressure  forging  in  s.  (5).  The 
teapecature  of  aatrix/die  after  pressure  forging  in  the  zones  of 
points  1,  2 and  3 (see  Fig.  2).  (6).  Note.  (7).  Haterial.  (8). 
Ciaaeter  of  container  in  ta.  (9).  leaperature  cf  furnace  in  <*C.  (10). 
Orav  ratio  and.  (11).  Specific  effort/force  in  kgf/aa*.  (12). 

Yalocity  in  aa/s.  (13).  Knurl.  (14).  Dish.  (15).  blast-furnace  slag. 
(15a) The  saae.  (16).  Pressure  forging  aith  butt. 


Page  13. 

During  a decrease  in  the  velocity  down  to  > 30  aa/s  and  the 

during  utilization  of  a disk  froa  glass  N^  209  heating  of  aatrix/die 
in  the  zone  of  point  3 is  increased  by  lOO^C  and  it  reaches  Tj  = 
66C*’C»  while  when  using  a disk  froa  slag  the  teaperature  at  the  saae 
rate  descends  to  85°C  and  it  coaposes  Tj  = 485°C.  The  character  of  a 
change  in  the  heating  of  aatrix/die  when  using  two  types  of 
lubricating  disks  is  visually  cbservable  froa  the  oscillograas,  given 
in  Fi|.  5.  The  shape  of  the  curve  of  the  teaperature  of  the  heating 
cf  aatrix/die  Tj  when  using  a slag  disk  is  characterized  by 
insignificant  change  during  adding  cycle  (Fig.  5a).  During  the 
application/use  of  a glass  plate  the  course  of  the  teaperature  curve 
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cf  the  heating  of  aatcii/die  in  zone  3 is  characterized  by  constant 

c 

lift  froB  beginning  to  the  end  of  the  pressure  forging  (Fig.  5^) . In 
this  case  is  observed  the  higher  lift  of  teipetature  curves  for  the 
zcnes  of  points  1 and  2 (see  Fig.  2).  The  different  shape  of  the 
curve  of  the  heating  of  aatrix/die  when  using  disks  froa  glass  and 
slag  can  be  explained  by  a difference  in  the  properties  of  these 
aaterials.  Slag,  as  is  known,  is  vitreo-crystalline  substance,  and 
its  viscosity  in  the  teaperature  range  cf  the  strain  of  steels  is 
changed  with  teaperature  change  aore  sharply  than  of  anorphous 
glasses  [2].  Furthermore,  of  blast-furnace  slag  significantly  higher 
the  teaperature  of  liquefaction.  In  connection  with  this  during 
pressure  forging  at  low  velocity  slag  disk  is  fused  in  a thiner 
surface  layer  and  aore  unifora  is  expend/consuaed.  Under  these 
conditions  the  disk  of  anorphous  glass  cf  lew  viscosity  is 
eipend/coBSuaed  aore  intensely  and  as  a result  toward  the  end  of  the 
prcceas-lttbrication  can  be  insufficient  for  the  creation  of  the 
reliable  heat-insulating  layer. 

As  noted  above,  all  experiaents  in  the  investigation  of  the 
beatiog  of  aatrix/die  were  conducted  during  pressure  forging  without 
butt.  Nith  this  aethod  cf  pressure  forging  the  tine  of  the  contact  of 
aetal  with  aatrix/die  is  less  than  during  pressure  forging  with  butt. 
It  is  natural  that  and  the  degree  of  the  heating  of  aatrix/die  in  the 
first  case  will  be  less.  The  difference  in  the  value  of  the  heating 
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of  ■atcix/die  in  the  zone  of  point  3 during  pressure  forging  by 
diffesent  nethods  as  shoved  the  experiaents,  it  reaches  ‘•100**C. 

Consequently,  during  pressure  forging  uithout  kutt  are  provided  the 
aore  favorable  conditions  of  the  service  of  aatrix/dies,  and  their 
life  can  be  aore. 

Conclusions.  1.  The  greatest  heating  of  aatrix/die  is  observed 
ie  the  place  of  the  trarsition  of  conical  fart  to  the  calibrating 
aesh.  The  coabination  of  high  heating  and  large  loads  leads  to  the 
intensive  vear  of  this  zone  of  aatrix/die. 

1 

I 

7.  The  basic  heat  shield  of  aatrix/die  frcx  heating  is  reached 
as  a result  of  applying  a lubricating  disk.  When  using  this  fora  of 
lubrication  descends  the  heating  of  aatrix/die  to  400®C  and  aore. 

I 

3.  The  value  of  the  heating  of  aatrix/die  depends  on  the  i 

properties  of  the  used  lubricating  disk,  coefficient  of  drawing,  | 

i 

velocity  and  aethod  of  pressure  forging  (with  butt  or  without  it).  ! 
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rig.  &.  Oscillograas  of  process  at  the  different  velocities  of  the 
pressere  forging:  a and  b)  pressure  tciging  with  the  application/use 
cf  a lubricating  dish  froa  slag;  c and  d)  pressure  forging  with  the 
af plioation/use  of  a lubricating  disk  froa  glass. 


Key:  |1).  Slag.  (2).  s.  (3).  kgf/aa<.  (h)  . leaperature  of  heating. 


(5).  aa/s.  (6}.  Specific  effort/fcrce  cf  pressure  forging.  (7). 
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